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INTRODUCTION

In the following, we show simulation results for
two types of THz quantum cascade lasers (QCLS),
GaAs-based QCLs and Si/SiGe QCLSs, which have
enormous potential as compact and efficient THz
SOUrces.

Our simulator includes the following feature:
Solution of the coupled Schrddinger-Poisson
equation to determine the band diagram and the
subband energies and wavefunctions; simulation of
electron dynamics including all essential scattering
mechanisms (electron-electron, electron-LO
phonon, electron-acoustic phonon); coupling of the
Schrddinger-Poisson solver to the MC simulation;
calculation of gain spectra; determination of the
subband electronic temperature.

GAAS/ALGAAS THZ QCL

We report on Monte Carlo (MC) simulations
aimed at the design and optimization of GaAs-based
THz quantum cascade lasers operating between 2
and 4 THz, and at the modeling of their operation.
We have focused our analysis on a series of QCL
structures operating in the range of 3.2 — 3.8 THz
reported in Refs. [1]-[3]. The results have been
positively compared with experimental results [4].
Positive gain has been demonstrated in the
simulation, and indeed lasing has been achieved on
these reported fabricated structures. The electron
temperatures agree well with the experimental ones
[4].

The MC simulation allows the identification of
the processes responsible for the non idea laser
performance (high threshold currents and low
operation temperatures). Figure 1 shows the band
diagram and subband wavefunctions for the laser
structure operating at 3.2 THz, the calculated gain
spectrum at two different temperatures is shown in
Figure 2.
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SI/SIGE THZ QCL

THz QCLs based on Si/SiGe have the potential
to operate at room temperature due to the absence of
polar phonon scattering. However, no lasing in such
structures has been observed up to date. Simulations
are necessary to identify the reasons and help
develop a working design. In order to simulate the
hole-based Si/SiGe QCLs, we have modified the
MC program described above to account for both
light and heavy hole bands and for the proper
phonon scattering active in silicon-based materials.
We still use an envelope function description of the
subbands, fitting the effective mass to those
obtained from a k.p calculation. Improvements of
the method will be presented at the conference. We
have simulated a QCL structure which is aso based
on the phonon depopulation principle of the GaAs
laser discussed above. Figure 3 shows the band
diagram and subband wavefunctions of a Si/SiGe
QCL, and Figure 4 displays the corresponding hole
distribution functions for a lattice temperature of
150 K. The corresponding effective temperatures
range from 185 K to 220 K.

CONCLUSION

In conclusion, we have shown that the Monte
Carlo simulation allows an effective design of
QCLs for THz applications. Improvement of the
model to include a k.p description of the hole
subbands for the p-type structures will be presented
at the conference.
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Fig. 1: Band diagram and subband wavefunctions of GaAs-
based QCL.
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Fig. 2: Calculated gain spectrum for a lattice temperature of 20
K (red) and 77 K (black).
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Fig. 3: Band diagram and subband wavefunctions of Si/SiGe
QCL for light hole (dashed lines) and heavy holes (solid lines)
band.
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Fig. 4: Heavy hole distribution functions for alattice
temperature of 150 K for the levels shown in Fig. 4 (same color
coding).
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